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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture 
method of a semiconductor device, and the manufacture method of the semiconductor 
device equipped with the NPN transistor and the vertical-mold PNP transistor at least 
especially on the same substrate. 
[0002] 

[Description of the Prior Art] As a vertical-mold PNP transistor in the case of also 
forming them and a CMOS transistor on the same substrate when forming an NPN 
transistor and a vertical-mold PNP transistor on the same substrate conventionally, the 
thing of composition as shown in JP,61-56625,B at drawing 16 is indicated further. It sets 
to drawing 16 and is 101 . A P type substrate and 102 An N type pad layer and 103 A P 
type pad layer and 104 An N type epitaxial layer and 105 A P type collector drawer 
diffusion layer and 106 An N type base layer and 107 An N type external base layer and 
108 It is a P type emitter layer. The emitter of this vertical-mold PNP transistor is the N 
type base layer 106. P type emitter layer 108 which comes to form a high-concentration P 
type diffusion layer It is constituted. 

[0003] Moreover, the thing of composition of being shown in drawing 17 is indicated by 
JP,63-292666,A and JP,2-45972,A, and, for 21 1, as for an insulator layer and 220, an N 
type external base layer and 219 are [ contest P type emitter polysilicon and 221 ] P type 
emitter layers. A P type substrate and 212 An N type pad layer and 213 A P type pad 
layer and 214 An N type epitaxial layer and 21 5 A P type collector layer and 2 16 An N 
type base layer and 2 17 A P type collector drawer diffusion layer and 21 8 P type emitter 
layer 221 Contest 220 P type polysilicon doped by high concentration Shell N type base 
layer 216 It is spread and formed. Moreover, the method which is spread from contest 
polysilicon and forms an emitter is indicated by JP,52-1876,B and JP,52-70761,A. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, it sets for the conventional 
example shown in drawing 16, and is the P type emitter layer 108. Since it is formed by 
the high-concentration P type diffusion layer, an emitter injection efficiency is good and 
can obtain high hFE and high early voltage, however, in order to make emitter base 
capacity small and to obtain the high frequency characteristic, when the diffusion depth 
of an emitter is formed shallowly, it is shown in drawing 18 -- as « P type emitter layer 
108 Aluminum wiring 110 formed upwards from -- spike 1 1 1 of aluminum An emitter 
and the base will short-circuit and the yield will fall. For this reason, with the structure of 



the conventional example shown in drawing 16, the diffusion depth of an emitter cannot 
be formed shallowly but there is a fault that the high frequency characteristic is not 
obtained. In addition, it sets to drawing 18 and is 109. It is an insulator layer. 
[0005] moreover, the conventional example shown in drawing 17 — setting — P type 
emitter layer 221 Contest 220 P type polysilicon doped by high concentration from ~ it is 
spread, and since it is formed, it is shown in drawing 19 - as — contest 220 P type 
polysilicon Aluminum wiring 223 formed upwards from — aluminum spike 224 without 
an emitter and the base short-circuit — P type emitter layer 221 The diffusion depth can 
be formed shallowly and the high frequency characteristic can be obtained. However, in 
order to make the diffusion depth of an emitter shallow, it is necessary to make diffusion 
temperature into low temperature, for this reason, contest 220 P type polysilicon Doped 
Boron etc. - activation of a P type impurity is not fully performed, but an emitter 
injection efficiency deteriorates, hFE becomes small, and there is a fault that high hFE 
and high early voltage are not obtained 

[0006] Thus, in the conventional example, the vertical-mold PNP transistor which has the 
high frequency characteristic with high hFE and high early voltage was not obtained, and 
the design of the analog IC used in RF fields, such as a video band, was not completed 
easily. 

[0007] It was made in order that this invention might cancel the above-mentioned trouble 
in the conventional semiconductor device, and invention according to claim 1 aims at 
offering the manufacture method of the semiconductor device equipped with the vertical- 
mold PNP transistor from which high hFE, high early voltage, and the high frequency 
characteristic are obtained simultaneously in the semiconductor device in which the NPN 
transistor and the vertical-mold PNP transistor were formed on the same substrate. 
Invention according to claim 2 aims invention according to claim 3 at offering the 
efficient manufacture method in the case of forming simultaneously with an NPN 
transistor and a CMOS transistor a vertical-mold PNP transistor [ in / a semiconductor 
device according to claim 1 ] on the same substrate for the purpose of offering the 
efficient manufacture method in the case of forming simultaneously with an NPN 
transistor the vertical-mold PNP transistor in a semiconductor device according to claim 
1 on the same substrate. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, 
invention according to claim 1 is formed in the manufacture method of the semiconductor 
device which forms an NPN transistor and a vertical-mold PNP transistor on the same 
substrate with contest P type polysilicon doped by the high concentration which connects 
the emitter of the aforementioned vertical-mold PNP transistor on a high-concentration P 
type diffusion layer with the shallow diffusion depth formed beforehand, and this P type 
diffusion layer. 

[0009] Thus, by forming with contest P type polysilicon which connects the emitter of a 
vertical-mold PNP transistor on a high-concentration P type diffusion layer with the 
shallow diffusion depth formed beforehand, and this P type diffusion layer In order for 
the emitter base capacity of a P type diffusion layer and an N type base layer to decrease, 
and to obtain the high frequency characteristic and for both a P type diffusion layer and 
contest P type polysilicon to function as an emitter simultaneously as for DC operation 
top, The vertical-mold PNP transistor in which an emitter injection efficiency has good 



high hFE and high early voltage is obtained. 

[0010] Invention according to claim 2 forms a high-concentration P type diffusion layer 
with the shallow diffusion depth beforehand formed among the emitters of the 
aforementioned vertical-mold PNP transistor in the manufacture method of a 
semiconductor device according to claim 1 at the same process as the high-concentration 
P type diffusion layer which forms the external base of the aforementioned NPN 
transistor. Thereby, the increase in the number of processes can be made into the 
minimum, and the vertical-mold PNP transistor in a semiconductor device according to 
claim 1 can be efficiently formed on the same substrate as an NPN transistor. 
[001 1] In the manufacture method of a semiconductor device that invention according to 
claim 3 forms an NPN transistor, a vertical-mold PNP transistor, and a CMOS transistor 
on the same substrate While forming with contest P type polysilicon doped by the high 
concentration which connects the emitter of the aforementioned vertical-mold PNP 
transistor on a high-concentration P type diffusion layer with the shallow diffusion depth 
formed beforehand, and this P type diffusion layer It forms at the same process as the 
high-concentration P type diffusion layer which forms the high-concentration P type 
diffusion layer which forms the external base of the aforementioned NPN transistor for 
the aforementioned P type diffusion layer, and the source drain of a PMOS transistor. 
Thereby, the increase in the number of processes can be made into the minimum, and the 
vertical-mold PNP transistor in a semiconductor device according to claim 1 can be 
efficiently formed on the same substrate as an NPN transistor and a CMOS transistor. 
[0012] 

[Example] Next, an example is explained. Drawing 1 - drawing 4 are drawings showing 
the manufacturing process of** explaining the 1st example of the manufacture method 
of the semiconductor device concerning this invention. First, as shown in drawing 1 , 
antimony is alternatively diffused in the P type substrate 1, and the N type pad layer 2 is 
formed. Next, if the N type epitaxial layer 4 is formed in it by - with a concentration of 
one to 10E15cm 3 and 2-5 micrometers of thickness after carrying out the ion 
implantation of the boron to the field of the N type pad layer 2 by acceleration voltage 
50KeV and dose l-7E14cm-2, boron will be spread in the N type epitaxial layer 4, and 
the P type pad layer 3 will be formed in it. Then, in order to form the P type collector 
diffusion layer 6 which reaches the P type pad layer 3, the ion implantation of the boron 
is carried out by acceleration voltage 150- 180 KeV, and dose l-10E14cm-2, and it is 
300-600 at 1000-1200 degrees C. A part is diffused. Then, the field oxide film 5 is 
formed by the usual selective oxidation method. 

[0013] Next, as shown in drawing 2 , the ion implantation of Lynn is carried out to a base 
region by acceleration voltage 100- 180 KeV, and dose 5-10E13cm-2. The ion 
implantation of the arsenic is carried out to an external base region by acceleration 
voltage 100 - 180 KeV, and dose l-10E15cm-2. It is BF2 to a collector contact field and 
an emitter region. After carrying out an ion implantation by acceleration voltage 30-100 
KeV, and dose l-5E15cm- 2, by performing annealing for 10 - 60 minutes by 900 ** The 
N type base layer 7, the N type external base layer 8, the P type collector contact 
diffusion layer 9, and the P type emitter layer 10 are formed. 

[0014] Next, as shown in drawing 3 , after carrying out the 100 nm laminating of the 
oxide film by LP-CVD and forming an insulator layer 1 1, the insulator layer 1 1 of the 
field of the P type collector contact diffusion layer 9 and the P type emitter layer 10 is 



**********ed by RIE, and opening of the aperture is carried out. Then, the 200 nm 
laminating of contest polysilicon is carried out by LP-CVD, and it is BF2. An ion 
implantation is carried out by acceleration voltage 50KeV and dose 5-10E15cm-2, and 
contest 12 P type polysilicon is formed. 

[0015] Next, as shown in drawing 4 , after ********** mg contest 12 P type polysilicon 
by RIE, annealing for 10 - 60 minutes is performed by 950 **, and contest 13 P type 
emitter polysilicon and contest 14 P type collector polysilicon are formed. Moreover, for 
the P type emitter layer 10, the diffusion depth is 0.1-0.3 by this annealing. It is as 
shallow as mum, concentration can form in lE19-lE20cm-3 and high concentration, and 
a vertical -mold PNP transistor is constituted. 

[0016] Next, it bases and explains in the manufacturing process view which shows the 
2nd example of the manufacture method of the semiconductor device concerning this 
invention to drawing 5 - drawing 9 . First, as shown in drawing 5 , antimony is diffused 
to the formation field of the NPN transistor of the P type substrate 21, and a vertical-mold 
PNP transistor, and the N type pad layer 22 is formed in it. Next, if the N type epitaxial 
layer 25 is formed in them by - with a concentration of one to 10E15cm 3 and 2-5 
micrometers of thickness after carrying out the ion implantation of the boron to the field 
and isolation field of the N type pad layer 22 of a vertical-mold PNP transistor by 
acceleration voltage 50KeV and dose l-7E14cm-2, boron will be spread in the N type 
epitaxial layer 25, and the P type pad layer 23 and the pad layer 24 for P type isolation 
will be formed in them. Then, the ion implantation of the boron is carried out to an 
isolation field by acceleration voltage 50 - 150 KeV, and dose l-10E13cm-2. The ion 
implantation of Lynn is carried out to the collector drawer field of an NPN transistor by 
acceleration voltage 150 - 180 KeV, and dose l-10E14cm-2. The ion implantation of the 
boron is carried out to the collector drawer field of a vertical-mold PNP transistor by 
acceleration voltage 150 - 180 KeV, and dose l-10E14cm-2, and it is 300-600 at 1000- 
1200 degrees C. By diffusing a part The diffusion layer 27 for P type isolation, the N type 
collector drawer layer 28, and the P type collector drawer layer 29 are formed. Then, the 
field oxide film 26 is formed by the usual selective oxidation method. 
[001 7] Next, as shown in drawing 6 , they are boron or BF2 to the base region of an NPN 
transistor. An ion implantation is carried out by acceleration voltage 20 - 60KeV, and 
dose 5-20E13cm-2. The ion implantation of Lynn is carried out to the base region of a 
vertical-mold PNP transistor by acceleration voltage 100- 180 KeV, and dose 5- 
10E13cm-2. To the collector contact field of an NPN transistor, and the external base 
region of a vertical-mold PNP transistor The ion implantation of the arsenic is carried out 
by acceleration voltage 100- 180 KeV, and dose l-10E15cm-2. To the external base 
region of an NPN transistor, the collector contact field of a vertical-mold PNP transistor, 
and an emitter region After carrying out the ion implantation of BF2 by acceleration 
voltage 30 - 100 KeV, and dose l-5E15cm-2, by performing annealing for 10 - 60 
minutes by 900 ** The P type base layer 30 of an NPN transistor, the P type external 
base layer 35, the N type collector contact layer 33, the P type emitter layer 36 of a 
vertical-mold PNP transistor, the N type base layer 3 1, the N type external base layer 32, 
and the P type collector contact layer 34 are formed. 

[0018] Next, as shown in drawing 7 , after carrying out the 100 nm laminating of the 
oxide film by LP-CVD and forming an insulator layer 37, the insulator layer 1 1 of the 
external base region of an NPN transistor, an emitter formation schedule field, a collector 



contact field and the external base region of a vertical-mold PNP transistor, an emitter 
region, and a collector contact field is ********** e d by RIE, and opening of the aperture 
is carried out. Then, after carrying out the 200 nm laminating of contest 38 non dope 
polysilicon by LP-CVD, the resist 39 for N type ion implantations is formed, the ion 
implantation of the arsenic is carried out by acceleration voltage 100 KeV and dose 5- 
20E15cm-2, and contest 38 non dope polysilicon of the emitter formation schedule field 
of an NPN transistor, a collector contact field, and the external base region of a vertical- 
mold PNP transistor is made contest polysilicon of N type. 

[0019] Next, as shown in drawing 8 , the resist 40 for P type ion implantations is formed, 
and it is BF2. An ion implantation is carried out by acceleration voltage 50KeV and dose 
5-10E15cm-2, and contest 38 non dope polysilicon of the external base region of an NPN 
transistor and the emitter region of a vertical-mold PNP transistor, and a collector contact 
field is made contest polysilicon of P type. 

[0020] Next, as shown in drawing 9 , after ********** m g contest polysilicon doped by 
N type or P type by RIE, Annealing for 10 - 60 minutes is performed by 950 **. Contest 
41 P type emitter polysilicon of a vertical-mold PNP transistor, contest 42 P type 
collector polysilicon, contest 46 N type base polysilicon, contest 43 P type base 
polysilicon of an NPN transistor, contest 44 N type emitter polysilicon, contest 45 N type 
collector polysilicon, The N type emitter layer 47 diffused from contest 44 N type emitter 
polysilicon is formed. Moreover, for the P type emitter layer 36, the diffusion depth is 
0.1-0.3 by this annealing. It is as shallow as mum, concentration can form in 1 El 9- 
lE20cm-3 and high concentration, and an NPN transistor and a vertical-mold PNP 
transistor are constituted on the same substrate. 

[0021] Next, it bases and explains in the manufacturing process view which shows the 
3rd example of the manufacture method of the semiconductor device concerning this 
invention to drawing 10 - drawing 15. As first shown in drawing 10, antimony is diffused 
to the formation field of the NPN transistor of the P type substrate 5 1 , a vertical-mold 
PNP transistor and a PMOS transistor, and an NMOS transistor, and the N type pad layer 
52 is formed in it. To next, the field of the N type pad layer 52 of a vertical-mold PNP 
transistor, the field of the N type pad layer 52 of an NMOS transistor, and an isolation 
field If the N type epitaxial layer 56 is formed by - with a concentration of one to 
10E15cm 3 and 2-5 micrometers of thickness after carrying out the ion implantation of 
the boron by acceleration voltage 50KeV and dose l-7E14cm-2 boron » the N type 
epitaxial layer 56 - being spread - the P type pad collector layer 53 and a P type pad - a 
well a layer 54 and the pad layer 55 for P type isolation are formed 
[0022] Next, as shown in drawing 1 1 , the ion implantation of the boron is carried out to 
an isolation field by acceleration voltage 50 - 150 KeV, and dose l-10E13cm-2. To the 
collector drawer field of an NMOS transistor, and the isolation field of a CMOS 
transistor The ion implantation of Lynn is carried out by acceleration voltage 150-180 
KeV, and dose l-10E14cm-2. The ion implantation of the boron is carried out to the 
collector drawer field of a vertical-mold PNP transistor by acceleration voltage 1 50 - 180 
KeV, and dose l-10E14cm-2. The ion implantation of Lynn is carried out to a PMOS 
transistor field by acceleration voltage 50- 150 KeV, and dose l-10E12cm-2. The ion 
implantation of the boron is carried out to an NMOS transistor field by acceleration 
voltage 100 - 180 KeV, and dose l-10E12cm-2, and it is 300-600 at 1000-1200 degrees 
C. By diffusing a part the diffusion layer 58 for P type isolation, the N type collector 



drawer layer 59, the P type collector drawer layer 60, the diffusion layer 61 for N type 
isolation, and N — a well - a diffusion layer 62 and P - a well ~ a diffusion layer 63 is 
formed Then, the field oxide film 57 is formed by the usual selective oxidation method. 
Next, after forming the 20-5 Onm gate oxide film 64 by performing oxidization for 10 - 60 
minutes at 900-1000 degrees C } contest 65 gate polysilicon is formed by carrying out the 
laminating of contest polysilicon doped to 300-500nm N type by LP-CVD, and 

[0023] As shown in drawing 12, next, by performing oxidization for 10 - 60 minutes at 
900-1000 degrees C After forming a 20-50nm oxide film (not shown), to the base region 
of an NPN transistor Boron or BF2 An ion implantation is carried out by acceleration 
voltage 20 - 60KeV, and dose 5-20E13cm-2. The ion implantation of Lynn is carried out 
to the base region of a vertical -mold PNP transistor by acceleration voltage 100 - 180 
KeV, and dose 5-10E13cm-2. To the collector contact field of an NPN transistor, the 
external base region of a vertical -mold PNP transistor, and the source drain field of an 
NMOS transistor The ion implantation of the arsenic is carried out by acceleration 
voltage 100- 180 KeV, and dose l-10E15cm-2. To the external base region of an NPN 
transistor, the collector contact field of a vertical-mold PNP transistor, an emitter region, 
and the source drain field of a PMOS transistor BF2 After carrying out an ion 
implantation by acceleration voltage 30 - 100 KeV, and dose l-5E15cm-2, by performing 
annealing for 10 - 60 minutes by 900 ** The P type base layer 66 of an NPN transistor, 
the P type external base layer 71, the N type collector contact layer 69, the P type emitter 
layer 72 of a vertical-mold PNP transistor, the N type base layer 67, the N type external 
base layer 68, the P type collector contact layer 70, The P type source drain layer 73 of a 
PMOS transistor and the N type source drain layer 74 of an NMOS transistor are formed. 
[0024] Next, as shown in drawing 13, after carrying out the 100 run laminating of the 
oxide film by LP-CVD and forming an insulator layer 75, the insulator layer 75 of the 
external base region of an NPN transistor, an emitter formation schedule field, a collector 
contact field, the external base region of a vertical-mold PNP transistor, an emitter 
region, a collector contact field, the source drain field of a PMOS transistor, a gate 
contact field, the source drain field of an NMOS transistor, and a gate contact field is 
**********ed by RIE, and opening of the aperture Then, after carrying out the 200 nm 
laminating of contest 76 non dope polysilicon by LP-CVD, Form the resist 77 for N type 
ion implantations, and the ion implantation of the arsenic is carried out by acceleration 
voltage 100 KeV and dose 5-20E15cm-2. The emitter formation schedule field of an 
NPN transistor, a collector contact field, And contest 76 non dope polysilicon of the 
external base region of a vertical -mold PNP transistor, the gate contact field of a PMOS 
transistor, the source drain field of an NMOS transistor, and a gate contact field is made 
contest polysilicon of N type. 

[0025] Next, as shown in drawing 14, the resist 78 for P type ion implantations is formed, 
and it is BF2, An ion implantation is carried out by acceleration voltage 50KeV and dose 
5-10E15cm-2, and contest 38 non dope polysilicon of the external base region of an NPN 
transistor and the emitter region of a vertical-mold PNP transistor, a collector contact 
field, and the source drain field of a PMOS transistor is made contest polysilicon of P 
type. 

[0026] Next, as shown in drawing 15, after ********** m g contest polysilicon doped by 
N type or P type by RIE, Annealing for 10 - 60 minutes is performed by 950 **. Contest 



